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Details 



1. Title of Invention 

Electro-luminescence Device 

2. Area of Claims 

(1) Electro-luminescence device which is characterized by luminescence layer, sandwiched 
between a pair of electrodes, at least one of which is transparent, and by compound film, 
of thin intermediate insulator layer, semiconductor layer and insulator layer laid in this 
order, sandwiched between luminescence layer and one of electrodes mentioned above. 

3. Detail Explanation of Invention 
[Application Area in Industry] 

This invention relates to thin film electro-luminescence device (abbreviated to be EL 
device hereafter) which emits light when alternate electric field is applied on 
luminescence layer. 

[Prior Art] 

Cross section view of basic structure of typical thin film EL device, which is double 
insulator type EL device, is shown in Fig. 3. In this figure, transparent electrode 2 
made of such material as ITO, first insulator layer 3, luminescence layer 4, second 
insulator layer 5 and rear electrode 6 are placed, in this order, on substrate 1, which is 
made of such material as glass. Each layer is formed by such method as vacuum 
vapour deposition method, sputtering method, plasma or light CVD method, organo- 
metal CVD method or atomic layer epitaxial method. 



Luminescence layer 4 is made of semiconductor thin film of group II - V compound 



such as ZnS or SnSe. Electric field luminescence, specific to particular luminescence 
center, is emitted when appropriate luminescence center is added. As for 
luminescence center, for example, yellowish orange electric field luminescence is 
obtained when it is doped with Mn, green color with TbF 3 , and red color with SmF : . 
It has been known that electric field luminescence occurs via a mechanism that when 
high electric field of 10 6 V/cm is applied to luminescent layer, electrons accelerated in 
electric field collide with and excite luminescence centers. In order to prevent 
insulator breakdown when excess current flows locally when high voltage is applied to 
luminescence layer, made of such materials as ZnS or SnSe, and also in order to prevent 
deterioration of device by moisture, it has structure where luminescence layer 4 is 
sandwiched between insulator bodies 3 and 5, of such materials as Y 2 0 3 , Al 2 0 3 . 

[Problems which Invention Tries to Solve] 

In EL device of prior art with such structure, it is necessary to apply electric field of 
approximately 10 6 V/cm to luminescence layer 4. In addition, since applied voltage is 
divided between luminescence layer and insulator layer, device must be driven 
necessarily by high voltage. To accomplish this, insulator layer should not have any 
defect, such as pin holes, and insulator breakdown voltage must be high. Further, 
since it is driven by high voltage, driving circuitry could not be made small or at low- 
cost, and this is disadvantageous. 

In El device, whose structure is shown in Fig. 3, of prior art, metal such as Al is used as 
real electrode 6 ordinarily in order to make [electrical] resistance small. Since 
insulator layers 3 and 5, and luminescence layer 4 are transparent to visible light, 
incident light from outside is reflected on rear electrode, made of such materials as Al, 
it was not easy to view EL device. Contrast was poor. 

This invention was made taking those problems described above into consideration. 
Objective of invention was to offer EL device which can emit luminescence at lower 
voltage than that of prior art, and which has better display quality. 

[Methods Used to Solve Problems] 

Electro-luminescence device of this invention is characterized by luminescence layer, 
sandwiched between a pair of electrodes, at least one of which is transparent, and by 
compound film, of thin intermediate insulator layer, semiconductor layer and insulator 
layer laid in this order, all sandwiched between luminescence layer and one of 
electrodes mentioned above. 

Figure 1 shows basic cross section structure of this invention. In Fig. 1, transparent 
electrode 22, first insulator layer 23 are formed on transparent electrode 21, of such 
material as glass, in this order, by such methods as vacuum vapour deposition, 
sputtering method or CVD method. Then, such compound as ZnS, ZnSe or ZnS x Se Ux 
is deposited simultaneously with luminescence center, of such material as Mn, by 
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vacuum vapour deposition method or sputtering method to make luminescence layer 24. 
Then, on luminescence layer 24, thin intermediate insulator layer 25, semiconductor 
layer 26, third insulator layer 27 are formed. EL device is completed with metal 
electrode 28 of such material as Al, vacuum deposited. Whole device is covered with 
moisture proofing film 29. It emits luminescence when alternate current voltage is 
applied between rear electrode 28 and transparent electrode mentioned above. 

Characteristics of this invention is that decrease in luminescence brightness is almost 
eliminated by insertion of thin intermediate insulator layer 25 and semiconductor layer 
26 between luminescence layer and insulator surface of EL device of prior art. It 
became possible to fabricate EL device which emits light at low driving voltage. It 
may be explained that electrons, generated and accelerated in semiconductor layer, flow 
into luminescence layer and light is emitted at low voltage. Addition of intermediate 
insulator layer forms energy on luminescence layer - semiconductor surface, and only 
electrons with high energy can flow effectively from semiconductor layer side into 
luminescence layer side. Therefore, approximately the same level of luminescence 
efficiency and brightness can be obtained at lower voltage. 

Similar effect can be obtained when insulator layer is made of such materials as a-SLC,. 
X :H or a-SiO x :H as well as a-Si x N,. x :H or multi-layered film [of those materials]. 
Another characteristics of this invention is that [display] contrast has been increased 
because reflection on EL device surface is reduced. External incident light can be 
absorbed sufficiently because band gap of above mentioned semiconductor layer is 1.7 
~ 1.9 eV. 

Embodiment of this invention will be shown below. 
[Embodiment 1] 

In. Fig. 1, transparent electrode 2, made of such material as ITO, of 2000A thick was 
formed by vacuum vapour deposition method on glass substrate 21. Then, first 
insulating layer 23 was made by forming BaT10 3 film over by r.f. sputtering method. 
At substrate temperature of 200 °C, ZnS and Mn were co-vapour deposited 5000 A thick. 
It was heat treated at 550 °C for 2 hours in vacuum. Then, 50 ~ 150 A thick film of a- 
SLN,. X :H was formed by plasma CVD method as thin intermediate insulator layer 25. 
FoVming a-Si x N,_ x :H film was done using N 2 , NH 3 and SiH 4 gases. a-Si:H semi- 
conductor layer 26 of 2000A thick was formed next, in SiH 4 gas only, without 
introducing N, and NH 3 gases. Third insulator layer 27 was made 2000A thick with a- 
SLN,.„:H by introducing N, and NH 3 gases as well again. Finally, rear electrode 28 
was formed by vacuum vapour depositing Al. a-SLN,. x :H and a-Si:H films are known 
to be very dense and they have good effect of preventing de-lamination, deterioration in 
brightness and deterioration of luminescence layer due to moisture intrusion. 
Deposition of a-Si x N,. x :H, a-Si:H and a-Si x N,. x :H, in this order, to form combined film 
in different gas compositions can be done continuously without halting deposition 
process. Therefore, possibility of contamination with dirt and dust was very low and it 



4 



was possible to minimize insulator breakdown. 
[Embodiment 2] 

Figure 2 shows structure showing another embodiment of this invention. In the figure, 
transparent electrode 32, fluorescence layer 33, intermediate insulator layer 34, semi- 
conductor layer 35, third insulator layer 36 and metal rear electrode 37 were all formed, 
in this order, under the same condition as in Embodiment 1 . 

In embodiment 2, first insulator layer 23, which was included in embodiment 1, has 
been eliminated. By eliminating first insulator layer, although luminescence 
brightness was reduced by approximately 30 per cent, it was possible to lower initial 
luminescence voltage largely. 

[Merit of Invention] 

As explained above, EL device of this invention emits light at sufficiently lower voltage 
than that in prior art. Since insulator breakdown is very rare, it is possible to offer 
device of long life. Thus, it is possible to make driving circuitry small and compact 
flat display can be made! This invention has an effect that El device with higher 
contrast ratio and better display quality than that of prior art is offered. 

4. Brief Explanation of Figures 

Figure 1 is cross section of El device structure demonstrating application of this 
invention. Figure 2 shows cross section EL device in another application of this 



invention. 
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